The effects of SBR/NBRr blends on thermal properties of such thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC) were carried out. Results showed that by incorporating the smallest size NBRr provided more surface area to interact with SBR polymers thus increased the level of crosslink. TG thermograms shown by incorporating the smallest size NBRr in all ratios exhibit better thermal stability compared to large size NBRr. Due to many crosslinks formed with the incorporation of S1, hence at the end stage of degradation there were more cyclic and aromatic carbon formed during the rearrangement of the existing char. SBR/NBRr R05 with small particle sizes S3 and S2 showed similar crystallization temperature (T c ) at 37.1 °C. However by using S1, there was a conversion of T c to heat capacity transition from high to low energy level at temperature 37.3 °C. Smaller size of NBRr showed better dispersion with SBR matrix hence the chances of crosslink form between SBR and NBRr is higher compared to using large size of NBRr.
Introduction
Currently, Malaysia caters between 60% to 65% of the world's natural glove market and also supplies about half of the world's nitrile glove market. Malaysia is the leading supplier of examination and surgical gloves, satisfying 45% of the world's demand. According to Department of Statistics of Malaysia, in year 2005 the value export of gloves including surgical and other gloves were 3,793.23 million Malaysian Ringgit and rise accordingly to 5,991.92 million ringgit Malaysia in year 2009 (Department of Statistics) [1] . However, after a certain period of time these polymeric materials are not serviceable and mostly discarded and as a result, significant quantities of discarded gloves are generated. A number of possible applications of various forms of waste rubber in broad disciplines have been studied and reported [2] [3] [4] [5] .
Previously, the authors [6] reported the comparison properties of virgin NBR (NBRv) and NBRr (NBRr) of styrene butadiene rubber/acrylonitrile butadiene rubber (SBR/NBRr) blends. It revealed that most of SBR/NBRr blends properties such as tensile strength; fatigue etc. showed a better value compared to SBR/NBRv (virgin) blends particularly up to 15 phr of NBRr then it decreased. The SBR/NBRr blends with smallest size of NBRr (S1) show better mechanical properties (tensile, elongation-at-break, M100, and fatigue) compared to all the other blend ratios of bigger sizes NBRr (S2 and S3) has been investigated [7] . The SBR/NBRr blends with the smallest size NBRr (S1) also showed a better retention of tensile properties which was able to withstand better weathering than coarser size of NBRr in SBR/NBRr blends [8] . To the best of knowledge regarding the potential of using NBRr in rubber blend, this paper reports the effects of different sizes of NBRr and its blend ratios with SBR blends. The thermal properties were studied using thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC).
Experimental
Materials and Preparation of Blends. The materials and their characteristics used in this study such as Styrene butadiene rubber (1502) obtained from Bayer (M) Ltd., recycled acrylonitrilebutadiene rubber (NBRr); S1-117 -334 µm, S2 -0.85 -15 mm, S3 -direct sheeted form obtained from Juara One Resources Sdn Bhd, Bukit Mertajam, Penang, Malaysia, carbon black (N330) from Malayan Carbon (M) Ltd., N-cyclohexyl-2-benzothiazyl sulfenamide (CBS), zinc oxide, stearic acid, sulphur and processing oil obtained from Anchor Chemical Co (M) Ltd.
Compounding, Cure Characteristics and Vulcanization. The SBR/NBRr blends were formulated with blends ratio as given in Table 1 respectively. The rubber was pre-blended and the mixing procedure was carried using a two-roll mill at room temperature. Cure characteristics were studied using a Monsanto Moving Die Rheometer (MDR 2000). About 4 g samples of the respective compound were used to test at vulcanization temperature (160 °C). The rubber compounds then were compression molded at 160 °C using a hot press according to respective cure times, t 90 . Thermal Gravimetric Analysis (TGA). Thermogravimetric analyses of the blends were carried out with a Perkin-Elmer Pyris 6 TGA analyser. The samples, which weighed about 15 mg, were scanned from 30 to 600 °C at a nitrogen air flow of 50 mL/min at a heating rate of 20 °C/min. The sample sizes were kept nearly uniform for all tests.
Differential Scanning Calorimetry (DSC). Differential scanning calorimetry (DSC) measurements were performed under a nitrogen atmosphere at a scan rate 20 o C/min on samples of 5-8 mg using a Perkin-Elmer DSC-7 apparatus. The samples were placed in standard aluminum pans with pierced lids. The first heating scan was heated over a range of 30 to 250 °C at the rate mentioned to eliminate the influence of thermal and mechanical history. The samples were then cooled from 250 to 25 °C at the same rate. The second heating scan was applied from 25 to 250 °C of the mentioned heating rate.
Results and Discussion
Thermogravimetric analysis (TGA). TG thermograms of SBR/NBRr blends with different particle size of NBRr (NBRr) ranging from 124 -334 µm (S1), 0.85 -15.0 mm (S2) and 10 -19 cm (S3) were investigated in SBR/NBRr blends ratio 95/5 (SBR/NBRr R05) and SBR/NBRr blends ratio 50/50 (SBR/NBRr R50). TG thermograms show by incorporation of smallest size of NBRr in all ratios exhibit better thermal stability compare to large size of NBRr (Figure 1 ). The temperature of 5% weight loss abbreviated as T 5% of SBR/NBRr R05 for size S1 at 360 °C is higher than S2 at 359 °C and S3 at 347 °C as tabulated in Table 2 . The same trend also was observed in SBR/NBRr R50 for size S1 at 359 °C compare to S2 at 358 °C and S3 at 355 °C. The temperature of 50% weight loss abbreviated as T 50% inherits good onset thermal stability of all blends ratio with the smallest size NBRr. The smallest size NBRr has high surface area and provides high energy level at Fig. 1 : TGA thermograms of SBR/NBRr R05 (S1), SBR/NBRr R05 (S2), SBR/NBRr R05 (S3),SBR/NBRr R50 (S1), SBR/NBRr R50 (S2) and SBR/NBRr R50 (S3) blends
The amount of crosslink effect the temperature at maximum peak decomposition abbreviated as T max dec . It was shown T max dec of all ratios with S1 exhibited at slightly higher temperature than S2 and S3 ( Figure 2 ). Due to many crosslinks formed with incorporation of S1, hence at the end stage of degradation there are more cyclic and aromatic carbon formed during the rearrangement of existing char. Therefore all blend ratios with S1 produced more char residue compared to S2 and S3 respectively. Differential scanning calorimetry (DSC). DSC thermogram of SBR/NBRr blends with different particle sizes of NBRr, ranging from 124 -334 µm (S1), 0.85 -15.0 mm (S2) and 10 -19 cm (S3) were investigated in SBR/NBRr blends ratio 95/5 (SBR/NBRr R05) and SBR/NBRr blends ratio 50/50 (SBR/NBRr R50) ( Figure 3) . SBR/NBRr R05 with small particle sizes S1 and S2 showed similar crystallization temperature (T c ) at 37.1 °C and almost similar heat entalphy (∆H) as tabulated in Table 3 . However by using the largest particle size S3, there was conversion of T c to heat capacity transition from high to low energy level [9] at temperature 37.3 °C. The difference in recorded temperature was very small because the amount of NBRr used is very little at 5 phr compared to the amount of SBR. The reason of heat capacity transition for R05 S3 was observed because the size of NBRr used in the blend is very large compared to R05 S2 and R05 S3. SBR/NBRr R05 (S1) SBR/NBRr R05 (S2) SBR/NBRr R05 (S3) SBR/NBRr R50 (S1) SBR/NBRr R50 (S2) SBR/NBRr R50 (S3)
Therefore, there were more gaps between NBRr and SBR to interact through crosslinking. These gaps also distract the movement of SBRr polymer chains. The same trend was also observed in R50 S3 blend with heat capacity transition at 37.7 °C. The heat capacity transition is slightly shifted to higher temperature compared to R05 S1 because the amount of NBRr is equivalent to SBR at 50 phr. Due to the high amount of large NBRr, it potentially stuck more movement of SBR polymer chains and introduced more gaps amongst SBR and NBRr in blend. Meanwhile the opposite observation was shown in R50 S2 and R50 S3 in conjunction with small particle size of NBRr. Small particle size of NBRr offers better dispersion with SBR in polymer blends. Therefore the chances of crosslink form between SBR and NBRr is higher compared to using large size of NBRr. Fig. 2 : DTG thermograms of SBR/NBRr R05 (S1), SBR/NBRr R05 (S2), SBR/NBRr R05 (S3),SBR/NBRr R50 (S1), SBR/NBRr R50 (S2) and SBR/NBRr R50 (S3) blends 
Conclusions.
The TG thermograms shown by incorporating the smallest size NBRr in all ratios, exhibited better thermal stability compared to large size of NBRr. Due to many crosslinks formed with incorporation of S1, at the end stage of degradation there were more cyclic and aromatic carbon formed during the rearrangement of the existing char. SBR/NBRr R05 with small particle sizes S3 and S2 showed similar crystallization temperature (T c ) at 37.1 °C and almost similar heat entalphy (∆H) as tabulated in Table 6 .3. However by using smaller size S1, there was conversion of T c to heat capacity transition at temperature 37.3 °C. Smaller particle size of NBRr offers better dispersion with SBR in polymer blends. Therefore, the chances of crosslink formed between SBR and NBRr is higher compared to using large size NBRr. heat capacity transition = 37.7 °C 33.9 °C -8.4 J g -1
